AD-A263 008
LR 1

EDGEWOOD
RESEARCH,

DEVELOPMENT &
ENGINEERING
CENTER

OF THE XM6 DISCHARGER (MSGL)

Approved for public release; distribution is unlimited.

o

\

ERDEC-TR-012

ANALYSIS REPORT FOR THE TUBE AZIMUTH ANGLE

Harry A. Reinke, il

ENGINEERING DIRECTORATE

December 1992

U.S. ARMY
CHEMICAL
AND BIOLOGICAL
DEFENSE AGENCY

Aberdeen Proving Ground, Maryland 21010-5423

93 4 15 01l

3-07895
\l\hl\l\ll L




Digclaimer

The findings in this report are not to be construed asg an official Department
of the Army position unless so designated by other authorizing documents.




Form Approved

REPORT DOCUMENTATION PAGE OMB No 0704 0188

Public 19 ng Durden e this (OHSIIHN OF 0N MALION ¥ ~DMBING 1N Se 813 | AGul It 140DOPIE U uthe] The |A%e FOF 184w AT LA W MTRNG Eantig Qi 30w Fy
GAthenng snd Mmatamng the data rerded. and COMOIEUNG MG (Fvrewing IDe LOBECHON OF IO MELN  Send LOmmMEnty te’um Ehs Dot GO SREMAIE O Bluy GRS e} O thay

coliecuon of igemanon, wiuding thoms FOU (0GUCING (M) BUEORn 1O WISPIAgIOn HeadQud ter Serres Cu ectovade Tor mmIOrmatan Opes 800n: Sag Reponts. 1213 Jeti s
Davns tughway, Swite 1104, Arkington, VA 112024X07 #ng to the Othice 21 Managomvent and Budge! Papremors Reduction Promect (0704 8 188) Wamneagion. OC 2050}
1. AGENCY USE ONLY (Leave biank) | 2. REPORY DATE 3. REPORT TYPE AND DATES COVERED
1992 December Final, 91 Dec - 92 May
4. NTLE AND SUBTITLE §. FUNDING NUMBERS
Analysis Report for the Tube Azimuth Angle PR-10464609D200-04

of the XMg Discharger {(MSGL)

§. AUTHOR(S)
Reinke, Harry A., IIIX

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERTORMING ORGANIZATION
REPORT NUMSER

DIR, ERDEC,* ATTN: SCBRD-EN, APG, MD 21010-5423 ERDBC-TR-012

§. SPONSORING / MONITORING AGENCY NAME(S) AND ADORESS{ES! 10. SPONSORING / MONITORING

AGENCY REPORT MUMBER

11. SUPPLEMENTARY NOTES

*When this work was performed, ERDEC was known as the U.S. jrmy Chemical Research,
Development and Enginsering Center (CRDRC), and the suthor wase assigned to the
Munitions Directorate.

12a. DISTRIBUTION / AVARLABIUTY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTIRACT (Maximum 200 words)

To achieve complete launcher smoke grenade screening, the launching tubes must be
spaced to provide even coverage for the entire vehicle. A develcopmental grenade
launcher, the XM6, is designed to be an integral part of providing complete screening
for any vehicle. The initial design of the XMé was with an intra-tube azimuth angle
of 13.5 degrees. When mounted at the center of a vehicle, this spacing is ideal for
24 tubea. If the grenade launchers are mounted at the corners of a vehicle,

as is the common practice, then the intra-tube azimuth angles would need to be
changed. Due to the larger arc length that each discharger needs to cover, the
intra-tube azimuth angles were changed to 14.5 degreegs. The 14.5-degree angle was
chosen based on the best coverage for a typical vehicle.

14, SUBJECT TERMS 15. NUMBER OF PAGES

Grenade M6 25

Smoke grenade 16. PRICE CODE

Launcher

17. SECURITY CLASSIFICATION [ 18. SECUMITY CLASSIFICATION | 19. SECURITY CLASSIFICATION ]20. LIMITATION OF ABSTRACT
OF REPORY OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED oL

NSN 7540.01-280-5500 Standard form 298 (Rev 2.89)

Proverrd By ANSE Std 71818
My 002




Blank




PREFACE

The work described in this report was authorized under Project No.
10464609D200-04, Screening Smoke Materiel Engineexing XMé, PEP. This work was
started in December 1991 and completed in May 19952,

The use of trade names or manufacturers’ names in this report does
not constitute an official endorsement of any commercial products. This
report may not be cited for purposes of advertisement.

Reproduction of this document in whole or in part is prohibited
except with permission of the Director, U.S. Army Bdgewood Research, Develop-
ment and Engineering Center (BRDEC),* ATITN: SCBRD-RTD, Aberdeen Proving
Ground, MD 21010-5423. However, the Defense Technical Information Center and
the National Technical Information Service are authorized to reproduce the
document for U.S. Government purposes.

This report has been approved for release to the public.

DTIC QUALITY 115FECTED 4

| Adcgesstiag Por
BTIS GRagl Ta
a

I oric 128
é Unsmnsenceqd
i

Justifice*ion

' By
Distribution/
Availabllity Coces
;Avail andsop
Dist ' iseiny

' ' i
! 1‘ : !
i :
N A B

*When this work was performed, ERDEC was known as the U.S. Army Chemical
Research, Development and Engineering Center (CRDEC), and the author was
assigned to the Munitions Directorate.




Blank




[ S

CONTENTS

SUMMARY
ANALYSIS PLAN
RECORD
Assumptions
Grenade
Launcher
ANALYSIS
RESULTS
CONCLUSIONS

RECOMMENDATIONS

APPENDIXES

A. IDEAL AZIMUTH ANGLE FOR GIVEN DISCHARGER MOUNTING POSITION

B. BURST POINTS OF TWO DISCHARGERS’

CONFIGURATIONS

Page

10
11

11

i3

23




Blank




ANALYSIS REPORT FOR THE TUBE AZIMUTH ANGLE
OF THE XM6 DISCHARGER (MSGL)

1. SUMMARY

The purpose of this study is to document the decision made with
respect to the tube azimuth angle for the XMé (Grenade, Discharger, Smoke,
Countermeasure: XMé6) developmental discharger, and to provide an analytical
foundation for the selection.

Neither standard dischargers nor the demonstration/validation
version (6.3) of the XMé discharger will provide adequate vehicle coverage
when firing launcher smoke grenades mounted in a typical arrangement upon a
vehicle. The coverage provided by standard launchers is extremely dependent
on if the brackets are properly mounted on the vehicle. This study does not
directly address that issue but serves as the basis to correct design
deficiencies of the 6.3 version, XM6é model during the
engineering/manufacturing (6.4 version) phase of development.

The XM6 discharger differs from currently
fielded dischargers in both design and method of use.
In the 6.3 version, the XM6 discharger is designed to
be a 2 by 2 design, with two pairs of angled tubes,
and 13.5 degrees apart in the same plane rather than
four or six individually aimed tubes. When fielded,
the XMé discharger can be arranged on the vehicle to
provide a 360 degree and overhead coverage, which
allows the user to select a specific sector for
protection instead of only having froncal 120-degree
vehicular protection, as is the case with existing
systems. Furthermore, the XMé discharger design will
allow at least two complete salvos, with most
configurations designing four salvos for frontal
protection.

Figure 1. XMB Discharger,
The problem of holes in the obscuring cloud 6.4 Version

appear only when attempting to have total vehicular
screening. The current €.3 version, XMé dischargers
will adequately cover a portion of a vehicle (i.e., the front 120 degrees of
an Mil13 with proper mounting) but will not allow complete vehicle coverage.
The requirements for the Armored Systems Modermization (ASM) family, the new
family of vehicles, calls for 360 degrees of coverage. Therefore, the 6.4
version, XMé discharger design must be able to accommodate appropriate rapid
obscuration systems requirements for the ASM, whether they are for 120 degrees
of frontal coverage or for a total 360 degrees of obscuration.

To rectify the identified deficiency in the 6.3 version, the
M6 dischargers should be modified by increasing either the intra-tube angles
or the tube azimuths, thus reducing or eliminating openings in the screening
clouds. With correctly designed mounting brackets and modified tube azimuth
angles, field corrections will not be necessary for properly mounted
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dischargers. Newly designed XME dischargers will provide total screening for
any vehicle.
2, ANALYSIS PLAN

Analysis was conducted to determiné the Sprtimum angles that should
be used for the XM6 discharger. Knowing that total vehicle coverage is
required and that the XMé dischargers will not be mounted at the center point

of the vehicle, ideal tube azimuths were determined. Graphical representation
and mathematical modelling were used to calculate ideal azimuths.

3. RECORD

Table. Test Position Azimuths

Test Poe;;§on Aziruths

X Displacement Y Displacement Z Displacement Azimuth Angle Burst distance
{m) (m) {m) {degrees) {m)
0 0 2.5 13.50 7.86
.5 .5 2.5 13.90 8.02
1 1 2.5 14.02 8.19
i
1.5 1 2.5 14,34 8.27
1.5 1.5 2.5 14,48 8.35
2 1.5 2.5 14.62 B.44
2.5 1.5 2.5 14.76 8.51
3 1.5 2.5 1691 8.60
3.5 1.5 2.5 15.06 8.69
= p—— e e e e i e

Spreadsheet programs that included Quattro Pro and Lotus 123 in
conjunction with a BASIC program written in-house were uged to obtain data.
The Table lists ideal tube azimuths for XMé dischargers and mounting positions
based on the discharger locations.

Determination of the best azimuth angle must consider the most
likely mounting position of the XM6 dischargers {e.g., a likely arrangement of
dischargers would be an X displacement of 1.5 meters and a Y displacement of
1.5 meters from the center of the vehicle). 1In the 6.3 version and with the
XMé dischargers mounted at the centexr of the vehicle, XM6 dischargers were




designed to encircle the vehicle with an

coscuring cloud. Each discharger would cover ST

one twelfth of the vehicle’s cloud. When the JE

. . AN

XM6é dischargers that are designed to be . P
mounted at a point source are mounted at the C
corners of a vehicle, holes in the obscuring /L:' -
cloud appear (Figure 2). ) - “t-
3.1 Asgumptions.

Several assumptions were made to b .
limit the scale of the calculations. - o
Primarily, these assumptions were in grenade Yo P A
performance and mounting of the XMé dis- ) .
chargers. Weather conditions were assumed to e
remain constant and ideal. Temperature:
20 °C; barometric pressure: 760 mm Hg; wind Figure 2. Smoke Screen,
speed: O mph; precipitation: 0; and Current XMg
humidity: 0%,
3.2 Grenade.

To determine burst distances, the grenades were assumed to be
M76 grenades, with ideal characteristics for the grenades. The burst delay
from time of ignition was 1.69 8; the ilL.itial velocity of the grenade was
19.61 m/s; gravity was held constant at $.81 m/s?; and air resistance was
counted as negligible. The grenades were assumed to have no misfires and
optimum ¢loud positioning.
3.3 Launcher.

The following assumptions of the launcher were used to aid in

determining the ideal azimuth of the launcher:
® Launch elevation - 25 degrees

® Mounting height - 2.5 m

® Requirement - Each XM6 discharger would cover one-twelfth of

the vehicle

® Total coverage required - 360-degree protection around vehicle

® Positions - Four positions of three XMé dischargers around a

vehicle

4. ANALYSIS

Data from the BASIC program and the gpreadsheets provided evidence

of holes in the obscuring cloud.




With a 13.5-degree azimuth, the 6.3 version, XMé discharger will
effectively cover a 360-degree arc arcund a vehicle when the dischargers are
mounted at a point source {(i.e., center of the vehicle). 1In the current
vehicle design, when the 6.3 version, XM& dischargers are mounted on the
corners of the vehicle, gaps or holes in the screening cloud appear
{Figure 2).

wWhen XM6 dischargers are mounted on vehicles at designed locations,
the 13.5-degree azimuth between tubes is not sufficient to eliminate the gaps
in the obscuring cloud. Either a larger discharger azimuth is required or
more XM6 dischargers will be needed for complete vehicle coverage.

5. RESULTS N T

By increasing the azimuth of the P -
€.3 version, XM6é discharger from 13.5 to N C
14.5 degrees, the holes found in the cloud O . S
when the XM6 dischargers are mounted at the Sl ﬁf el
corners of the vehicle are virtually
eliminated, even though the overlap of the
clouds between the grenades is reduced. N RN
Figure 3 represents both the effects of using LA RN
13.5-degree XMé dischargers mounted at the ) 1 Y ‘;k -
center of the vehicle and 14.5-degree XMé6 dis- S
chargers mounted at the corners of the
vehicle.

AN —;' ) h
TN AL

Figure 3. Ideal Smoke Screen

If dischargers with azimuths larger -
than the 13.5-degree azimuth of the /"ﬁ { AN
6.3 vergion, XM6 discharger were mounted at o R
the center of the vehicle, the increased ,’75 S ARl
azimuth would not interfere with creating an s LT
effective obscuring cioud. Rather than holes P
in the cloud, grenade clouds from adjacent S '
XM6 dischargers would overlap slightly. In ‘)«{ &iﬂ
Figure 4, a vehicle with 14 .5-degree '
XMé dischargers are represented with
dischargers mounted at the center of the NN
vehicle. - RN

o (>\ " _\/ o= \ g

Graphical results of optimum \“’K»L) S
discharger azimuths with burst distances are Tl T
included in Appendix A. Graphical results of
variations in the azimuth angle and holding Figure 4. Smoke Screen,
the discharger mounting positions congtant at 14 .5 Degree XMe
x=1.5, y=1.5, 2z=2.5 meters are in Appendix B.
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6. CONCLUSIONS

Currently designed XMé dischargers with a 13.5 degree tube azimuth
will leave gaps in the screening cloud when mounted at actual locations on a
vehicle. Properly designed and mounted 6.4 version, XM6 dischargers will
completely cover the vehicle in an obscuring cloud.

An increased azimuth needs to be considered for the 6.4 version,
XMe discharger. A larger azimuth between the tubes of the 6.4 version,
XM6 discharger would allow for the correct positioning and screening of the
grenades fired from the XM6 discharger.

7. RECOMMENDATIONS

If eithexr the M113 or the Mi tank were the only vehicles for which
this discharger was to be designed, then simply choosing the appropriate
azimuth for those vehicles would be easy. But the 6.4 version, XMé discharger
is being designed to obscure all ASM vehicles equally well, both current and
developmental. For an M1 tank, the ideal front azimuth would be 14.58 degrees
between tubes and 14.31 degrees between tubes for the rear. Realistically,
individually designed and manufactured dischargers for each vehicle are not
feasible. Taking into account existing, as well as future, vehicles, an
average angle of 14.5 (+/- 0.1) degreec has been determined to be the ideal
azimuth angle. This angle would compromise on the high side to allow for
future vehicles that may have larger mounting differences than currently
fielded vehicles.

i1
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APPENDIX A

IDEAL AZIMUTH ANGLE FOR GIVEN DISCHARGER MOUNTING POSITION

The tables in this appendix were created using the Quattro Pro
spreadsheet program. These tables give the burst positions of the grenades
and the calculated azimuth angle of the discharger. The burst point is in
cartesian coordinates, X and Y meters away from the center of the vehicle.
The burst distance is the distance between adjacent grenades at the burst
point.

The azimuth angle was calculated based on the results cobtained from
the Quattro Pro spreadsheet. The standard mounting height for a grenade
launcher is 2.5 m. The standard elevation angle for a grenade launcher is
25 degrees.

The distances in these tables were calculated based on the required

position of the discharger. The grenade burgt data and the azimuth angle was
determined for a given position of an XM§ discharger.

13




Table A-1.

Grenade Burst Points Based on Ideal Azimuth

of 13.00 Degrees and Discharger Position

30 '&\\1k\\l\
20 ‘
10

0

-30

20

.10..
..20<
-30 —— - .
10 20 30

-10

0

R —
Tube Burst Point Burst
Num. X Y Dist.

1 29.82 3.53 7.85

J 2 27.72 | 11.51 | 7.85%

3 23.87 | 18.31 | 7.85
4 18.31 | 23.87 | 7.8%
5 12.51 | 27.79 | 7.8%
6 3.93 | 20.82 | 7.85
7 -3.93 | 29.82 | 7.85
8 -11.51 | 27.79 | 17.85
9 -18.31 | 23.87 | 7.85
ﬂ 10 | -23.87 ] 18.31 | 7.85
“ 11 | -27.79 | 11.51 | 7.85
I 12 | -20.82 | 3.03 7.85
F 13 | -29.82 ) -3.93 | 7.85
14 | -27.79 | -11.81 ] 7.85
15 | -23.87 | -18.31 | 7.85
16 | -18.31 ] -23.87 | 7.85
17 | -11.51 ] -27.79 | 7.8s5
18 -3.93 | -29.82 | 7.85

| 19 3.93 | -29.82 | 7.85
20 11.51 | -27.79 7.3544!
21 18.31 | -23.87 | 7.8s ﬂ
22 23.87 | -18.31 | 7.85 ﬂ

| 23 27.79 | -11.51 | 7.85

H 24 29.82 | -3.93 | 7.85 H

X Displacement - 0.00 m
Y Digplacement - 0.00 m
Z Displacement - 0.00 m
Azimuth Angle - 13.00 degrees
Elevation - 25.00 degrees

All distances are in meters.
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Table A-2. Grenade Burst Points Based on Ideal Azimuth
of 13.90 Degrees and Discharger pPosition

e T S
Tube Burst Point Burst
Num. X Y Dist. 40
1 30.34 4.34 8.02 30+
J 2 28.26 12.09 7.69 20-
H 3 24.42 18.75 8.02 104
u 4 18.75 | 24.42 7.69
“s 12.09 28.26 8.02 0
6 4.34 30.34 8.69 -101
E 7 -4.34 30.34 8.02 -201
I 8 -12.09 | 28.26 7.69 301
9 -18.75 | 24.42 8.02
10 -24.42 | 18.75 7.69 '4?40 30 20 -10 0 10
11 -28.26 | 12.09 8.02
12 -30.34 4.34 8.69 :1
13 -30.34 | -4.34 8.02
14 -28.26 | -12.09 | 7.69
H 15 -24.42 | -18.75 | 8.02
16 -18.75 | -24.42 | 7.69
17 -12.09 | -28.26 | 8.02
18 -4.3¢ | -30.3¢ | 8.69
19 4.34 -30.34 | 8.02
20 | 12.09 | -28.26 7.69i:‘
21 18.75 | -24.42 | 8.02
22 24.42 | -18.75 | 7.69 ﬁ
y

X Displacement - 0.50 m

Y Displacement - 0.50 m

Z Displacement - 2.50 m
Azimuth angle - 13.90 degrees
Elevation - 25.00 degrees

All distances are in meters.
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Table A-3.

Grenade Burst Points Based on Ideal Azimuth

of 14.02 Degrees and Discharger Position

Tube Burst Point Burst
L Num. X Y Dist.
1 30.84 4.81 8.09
2 28.75 | 12.62 | 7.62 40
3 24.94 19.22 8.09 30
I a 19.22 24.94 7.62 20-
5 12.62 28.75 8.09
E 6 4.81 30.84 9.62 101
E -«.81 | 30.8¢4 | 8.09 0
8 -12.62 28.75 7.62 -10
9 -19.22 | 24.94 8.09 -20-
10 -24.94 | 19.22 7.62 304
11 -28.75 | 12.62 8.09
12 -30.84 | 4.81 9.62 '4940 30 20 -10 0 10 20 30 40
i 13 -30.84 | -4.81 | 8.09
14 -28.75 | -12.62 | 7.e2
15 -24.94 | -19.22 | 8.09 4!
16 -19.22 | -24.94 | 7.62 Ai
17 -12.62 | -28.75 | 8.09 _H
18 -4.81 | -30.84 | 9.62
13 4.81 -30.84 | 8.09
20 12.62 | -28.75 | 7.62
i 21 19.22 | -24.94 | 8.09
n 22 24.94 | -19.22 ] 7.62
ﬂ 23 28.75 | -12.62 | 8.09
24 30.84 -4,81 9.62 B

X Displacement - 1.00 m
Y Displacement - 1.00 m
Z Displacement - 2.50 m
Azimuth angle - 14.02 degrees
Elevation - 25.00 degrees

All distances are in meters.

Appendix A




Table A-4. Grenade Burst Points Based on Ideal Azimuth
of 14.34 Degrees and Discharger Position

Tube Burst Point Burst
Num. X Y Dist. 40
ﬂ 1 31.36 4,72 8.27 | 301
“ 2 29.21 | 12.7m 7.44 201
“ 3 25.50 | 19.15 8.27 10
4 19.65 | 25.00 7.44
E 5 13.21 | 28.71 8.27 0
6 5.22 30.86 | 10.44 -101
7 -5.22 30.86 8.27 ~ﬂ -20
8 -13.21 | 28.71 7.44 _ﬂ 304
9 -19.65 | 25.00 8.27 a
10 | -25.50 ] 19.15 | 7.44 '4940 .30 20 -10 0 10 20 30 40
11 -29.21 | 12.71 8.27 “
12 -31.36 | 4.72 9.44 "
ﬂ 13 -31.36 | -4.72 8.27 "
n, 14 -29.21 | -12.71 | 7.44
I 1s -25.50 | -19.15 [ 8.27
16 -19.65 | -25.00 | 7.44
17 -13.21 | -28.71 | 8.27
18 -5.22 | -30.86 | 10.44
19 5.22 | -30.86 | 8.27
20 13.21 | -28.71 | 7.44
21 19.65 | -25.00 | 8.27
22 25.50 | -19.15 | 7.44
23 29.21 | -12.71 | 8.27 |

24 31.36 -4.72 9.44 n

X Displacement - 1.50 m

Y Displacement - 1.00 m

Z Displacement - 2.50 m
Azimuth angle - 14.34 degrees
Elevation - 25.00 degrees

All distances are in meters.
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Table A-S.

Grenade Burst Points Based on Ideal Azimuth

of 14.48 Degrees and Discharger Position

-40 T T T Y
-40 -30 20 10 O

L} T

10 20

30 40

[ =
Tube r=:;;;st Point Burst
Num. X Y Dist.

1 31.36 5.18 8.35 4“
2 29.20 13.25 7.36
3 25.52 19.62 8.35
4 19.62 25.52 7.36
[ 5 13.25 29.20 8.35
u 6 5.18 31.36 10.36
7 -5.18 31.36 8.35 |
“ 8 -13.25 | 29.20 7.36 H
u 9 -19.62 | 25.52 8.35 "
“ 10 -25.52 | 19.62 7.36 ]
" 11 -29.20 | 13.25 8.35
H 12 -31.36 5.18 10.36
“ 13 -31.36 -5.18 8.35
14 -29.20 -13.25 7.36
15 -25.52 -19.62 8.35

! 16 -19.62 -25.52 7.36

I 17 -13.28 -29.20 8.35 ]
18 -5.18 -31.36 10.36
19 5.18 -31.356 8.35
20 13.25 ~-29.20 7.36
21 19.62 -25.52 8.35

“ 22 25.52 | -19.62 | 7.36
23 29.20 | -13.25 | 8.35 4“
24 10.36 “

X Displacement - 1.50 m
Y Displacement - 1.50 m
2 Displacement - 2.50 m
Azimuth angle - 14.48 degrees
Elevation - 25.00 degrees

All distances are in meters.

Appendix A
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Grenade Burst Points Based on Ideal Azimuth

of 14.62 Degrees and Discharger Position

Table A-6.
[e |_suree | roine | surec |
Tube Burst | Point Burst
Num. X Y Dist
| 1 31.87 5.14 8.43
“ 2 29.69 13.28 7.28
lL 3 26.05 19.58 8.43
“ 4 20.08 25.55 7.28 ||
5 13.78 29.19 8.43 \
6 5.64 31.37 11.28
7 -5.64 31.37 8.43

u 8 -13.78 | 29.19 7.28
9 -20.08 25.55 8.43
10 -26.05 19.58 7.28
11 -29.69 | 13.28 g.43 |
12 -31.87 5.14 10.28;“
13 -31.87 -5.14 8.43

l 14 -29.69 -13.28 7.28
15 -26.05 -19.58 8.43
16 -20.08 -25.55 7.28

“ 17 -13.78 | -29.19 | 8.43 1‘
18 -5.64 | -31.37 | 11.28 J]
19 5.64 -31.37 8.43 ¥a
20 13.78 -29.19 7.28
21 20.08 -25.55 8.43
22 26.05 -19.58 7.28
23 29.69 -13.28 8.43
24 31.87 -5.14 10.28

X Displacement - 2.00 m
Y Displacement - 1.50 m
Z Displacement - 2.50 m
Azimuth angle - 14.62 degrees

Elevation - 25.00 degrees

All distances are in meters.
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Table A-7.

Grenade Burst Points Based on Ideal Azimuth

of 14.76 Degrees and Discharger Position

==
Tube Burst Point Burst
Num. X Y Dist.
1 32.37 5.10 8.51
2 30.17 13.32 7.20
3 26.57 19.55 8.51
4 20.55 25.57 7.20
5 14.32 29.17 8.51
6 6.10 31.37 12.20
7 -6.10 | 31.37 8.51 |
8 -14.32 | 29.17 7.20 H
9 -20.55 25.57 8.51 n
Hﬁ71o -26.57 | 19.55 7.20
" 11 -30.17 | 13.32 8.51
“ 12 -32.37 5.10 10.20
13 -32.37 -5.10 8.51
14 -30.17 ~13.22 7.20
15 ~-26.57 ~19.55 8.51
16 -20.55 ~25.57 7.20
17 -14.32 | -29.17 | 8.51 “
18 -6.10 | -31.37 | 12.20 “
19 6.10 -31.37 8.51 “
20 14.32 | -29.17 | 7.20 “
21 20.55 ~25.57 8.51 |
22 26.57 -19.55 7.20
23 30.17 ~13.32 8.51
24 32.37 -5.10 10.20
|
X Displacement - 2.50 m
Y Displacement - 1.50 m
Z Displacement - 2.50 m

Azimuth angle - 14.76 degrees
Elevation - 25.00 degrees

All distances are in meters.
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Grenade Burst Points Based on Ideal Azimuth

of 14.91 Degrees and Discharger Position

Table A-8.
S

Tube Burst Point Burst

Num. X Y Dist.

ll 1 32.88 5.05 8.60

2 30.65 13.36 7.11

3 27.10 19.52 8.60

4 21.02 25.60 7.11

5 14 .86 29.15 8.60

6 6.55 31.38 13.11

ﬂ 7 -6.55 31.38 8.60

8 -14.86 29.15 7.11

9 -21.02 25.60 8.60

10 -27.10 19.52 7.11

11 -30.65 13.36 8.60

12 -32.88 5.05 10.11

13 -32.88 -5.05 8.60

ﬂ 14 -30.65 -13.36 7.11

15 -27.10 -19.52 8.60
16 -21.02 | -25.60 | 7.11 H
17 -14.86 -29.15 8.60 “

18 -6.55 -31.38 13.11

19 6.55 -31.38 8.60

20 14.86 -29.15 7.11
21 21.02 -25.60 8.60 |
22 27.10 -19.52 7.11 ﬂ

[ 23 30.65 | -13.36 | 8.60
24 32.88 -5.05 10.11 H

X Displacement - 3.00 m
Y Displacement - 1.50 m
Z Displacement - 2.50 m
Azimuth angle - 14.91 degrees
Elevation - 25.00 degrees

All distances are in meters.
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Table A-9. Grenade Burst Points Based on Ideal Azimuth
of 14.91 Degrees and Discharger Position

Tube Burst Point Bucsst
Num. X Y Dist. 40
1 33.39 5.01 8.69 30
2 31.14 | 13.40 7.02 20-
3 27.63 | 19.48 8.69 10-
4 21.48 | 25.63 7.02
5 15.40 | 29.14 8.69 0
h 6 7.01 31.39 [ 14.02 -101
7 -7.01 | 31.39 8.69 -20-
8 -15.40 | 29.14 7.02 !
-30 p
9 -21.48 | 25.63 8.69 H
10 | -27.63 | 19.48 | 7.02 “l 40 -30 -20 -10 O 10
11 -31.14 | 13.40 8.69
12 -33.39 | 5.01 10.02
13 -33.39 | -5.01 8.69
14 -31.14 | -13.40} 7.02

-27.63 -19.48 8.69

%mg
[
wn

i
16 -21.48 | -25.63 | 7.02 E
17 -15.40 | -29.14 | 8.69 H
18 -7.01 | -31.39 | 14.02 H
19 7.01 | -31.39 | 8.69
20 15.40 | -29.14 | 7.02
21 21.48 | -25.63 | 8.69
22 27.63 { -19.48 | 7.02
23 31.14 | -13.40 | 8.69
24 33.39 | -5.01 | 10.02

X Displacement - 3.50 m

Y Displacement - 1.50 m

Z Displacement - 2.50 m
Azimuth angle - 15.06 degrees
Elevation - 25.00 degrees

All distances are in meters.
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APPENDIX B

BURST POINTS OF TWO DISCHARGERS’' CONFIGURATIONS

The tables in this appendix give the results of using the XMg
discharger with a tube azimuth angle of 14.5 degrees. The first table shows
the results of the 14.5-degree, XMé discharger mounted at a specific point on
a vehicle, and the second table shows the results of mounting the 14.5-degree,
M6 discharger at four positions displaced from the center of the vehicle, as
noted.
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CGrenade Burst Points with Azimuth Angle of 14.5 Degrees and
Dischargers Mounted at a Specific Point of the Vehicle

Table B-1.
Tube Burst | Point Burst
Num. X Y Dist.
1 30.68 4.67 8.36
2 28.70 12.75 7.34
3 25.03 19.11 8.36
4 19.11 25.03 7.34
5 12.75 28.70 8.36
6 4.67 30.86 9.34
7 ~-4.67 30.86 8.36
8 -12.75 28.70 7.34
9 -19.11 25.03 8.36
10 -25.03 19.11 7.34
11 -28.70 12.75 8.36
12 -30.86 4.67 9.34
13 -30.86 -4.67 8.36
14 -28.70 -12.75 7.34
15 -25.03 | -1%.11 8.36
16 -19.11 -25.03 7.34
17 -12.75 -28.70 8.36
18 -4.67 -30.86 9.34
19 4.67 -30.86 8.36
20 12.75 -28.70 7.34
21 19.11 -25.03 8.36
—
22 25,03 -19.11 7.34
23 28.70 -12.75 8.36
24 30.86 -4.67 9.34
e md
X Displacement 1.00 meters
Y Displacement 1.00 meters
Z Displacement 2.50 meters
Azimuth angle 14.50 degrees
Elevation 25.00 degrees
All distances are in meters.
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Table B-2. Grenade Burst Points with Azimuth Angle of 14.%5 Degrees and
Dischargers Mounted at the Center of the Vehicle

Tube Burst Point Burst
Num. X Y Dinst. 30

i 1 29.86 3.67 8.36 201
ﬂ 2 27.70 | 11.75 7.34
“ 3 24.03 18.11 8.36 104
H 4 18.11 27.03 7.34
i S 11.78% 27.70 8.36 | |

6 3.67 29.86 7.34

? -3.67 29.86 8.36

8 -131.72 27.70 7.34

9 -18.11 24.03 8.36

10 -24.03 18.11 7.34

11 -27.70 11.7% 8.36
! 12 -29.86 3.67 7.34 |
l 13 -29.86 | -3.67 8.36

14 -27.70 | -11.75 7.34

15 -27.03 -18.11 8.36

16 -18.11 | -24.03 7.34

17 -11.75 ~27.70 8.36

18 -3.67 -29.86 7.34

19 3.67 -29.86 8.36
% 20 11.75 -27.70 7.34
|

X Displacement - 0.00 m

Y Displacement - 0.00 m

Z Displacement - 2.50 m
Azimuth angle - 14.50 degrees
Elevation - 25.00 degrees

All distances are in meters.
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